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STAR Experiment

‐  550 scien7sts 
‐  55 ins7tutes 
‐  13 countries 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World’s  (second) largest operaDonal heavy‐ion collider 
World’s largest polarized proton collider 

RHIC
 BRAHMS
PHOBOS

PHENIX


STAR


AGS


TANDEMS


v = 0.99995⋅c = 186,000 miles/sec 
          Au + Au at 200 GeV 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Year System  √sNN [GeV] 

2000 Au+Au 130 

2001 Au+Au 200 

2002 p+p 200 

2003 d+Au 200 

2004 Au+Au 

p+p 

62.4 

200 

2005 Cu+Cu 200, 62.4, 22 

2006 p+p 62.4, 200, 500 

2007 Au+Au 200 

2008 

d+Au 

p+p 

Au+Au 

200 

200 

9.2 

2009 p+p 200, 500 

2010 Au+Au 200, 62.4,  
39, 11.5, 7.7 4 12/6/10 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•  A+A collisions 
–  Perfect liquid 
–  Jet quenching 
– Number of consDtuent quark scaling 
– Heavy‐quark suppression 

•  Polarized p+p collisions 
–  Large transverse spin asymmetries in the pQCD regime 

•  d+A collisions 
–  Possible indicaDons of gluon saturaDon at small x 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•  What are the properDes of the strongly coupled system produced 
at RHIC, and how does it thermalize? 

•  What is the phase structure of QCD ma]er? 
•  What is the mechanism for partonic energy loss? 

•  What exoDc parDcles are created at RHIC? 
•  Does QCD ma]er demonstrate novel symmetry properDes? 

•  What is the partonic spin structure of the proton? 

•  What are the dynamical origins of spin‐dependent interacDons in 
hadronic collisions? 

•  What is the nature of the iniDal state in nuclear collisions? 

6 

Due to length limita7ons, will only cover three of these in my talk 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BBC 

PMD 

FPD 

FMS 

EMC Barrel 
EMC End Cap 

FGT 

COMPLETE 

Ongoing 

MTD 

R&D HFT 

TPC 

FHC 

HLT 

pp2pp’  pp2pp’ 

trigger  compu7ng FTPC 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Longitudinal double‐spin asymmetry and cross sec4on for inclusive neutral pion produc4on at 
midrapidity in polarized proton collisions at √s = 200 GeV.           Phys. Rev. D 80 (2009) 111108 

Forward Neutral Pion Transverse Single Spin Asymmetries in p+p Collisions at √s = 200 GeV. 
                          Phys. Rev. Le[. 101 (2008) 222001 

Longitudinal double‐spin asymmetry for inclusive jet produc4on in p + p collisions  
at √ s= 200 GeV.                             Phys. Rev. Le[. 100 (2008) 232003 

Measurement of Transverse Single‐Spin Asymmetries for Di‐Jet Produc4on in Proton‐Proton 
Collisions √s = 200 GeV.                                   Phys. Rev. Le[. 99 (2007) 142003 

Longitudinal Double‐Spin Asymmetry and Cross Sec4on for Inclusive Jet Produc4on in 
Polarized Proton Collisions at at √s = 200 GeV.                    Phys. Rev. Le[. 97 (2006) 252001 

G. Bunce et al., Prospects for spin physics at RHIC, Ann.Rev.Nucl.Part.Sci. 50(2000)525 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Where does the proton’s spin come from? 

u  u 

d  p 

  ½  =  ½ ΔΣ  +  ΔG  +  Lq  +  Lg 

p is made of 2u and 1d quark 

S  =  ½  =  Σ  Sq 

  Explains magneDc moment of 
baryon octet 

BUT partons have an x distribuDon and 
there are also sea quarks and gluons 

Check via electron sca]ering and find quarks carry 
only ~1/4‐1/3 of the proton’s spin! => SPIN CRISIS 

Jets,pions,ALL  Di‐jets, Sivers AN 



RHIC 

BRAHMS 

PHENIX 

AGS 

BOOSTER 

Spin Rotators 
(longitudinal polarization) 

Solenoid Partial Siberian Snake 

Siberian Snakes 

200 MeV Polarimeter 
AGS Internal Polarimeter 

Rf Dipole 

RHIC pC Polarimeters Absolute Polarimeter (H↑ jet) 

AGS pC Polarimeters 
Strong Helical AGS Snake 

Helical Partial Siberian Snake 

Spin Rotators 
(longitudinal polarization) 

Spin flipper 

Siberian Snakes 

STAR 

PHOBOS 

Pol. H- Source 
LINAC 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de Florian et al., 
Phys.Rev. D80 (2009) 034030 

Global analysis predicts posiDve net 
helicity difference 

Recent global fit of polarized u,d anD‐quarks 
distribuDons to DIS and SI‐DIS measurement 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• Measure the parity-violating, single-spin 
helicity asymmetry  

• where at LO: 

13 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LO interpreta4on for   x1=x2 STAR Barrel EMC 
14 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What we want to accept  What we want to reject  

Look for the electron‐type events with no energy/momentum on the away side 
12/6/10  M.Š.   Highlights from STAR 



W‐  

W+ 

infinite PT


STAR Run 9  data 
ET>25 GeV 

shown here:

electron & positron 

 PT= 5 GeV/c
TPC BZ=0.5T  EMC 

200 cm of tracking 

 distance D ~ 1/PT

PT=5 GeV/c   ➪ D≈15 cm

PT=40 GeV/c  ➪D≈2 cm


D 

vertex 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  AL(W+)  < 0 , as predicted, ~3σ 
  AL(W‐) central value > 0,   as expected 
 systemaDc errors of AL under control  
 TPC  charge separaDon works up to ET~50 GeV 

  STAR, arXiv:1009.0326v2 [hep‐ex] 
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•  Probing the medium 
•  How to spot? 

– CorrelaDons and hadron distribuDons 
High pT spectra and RAA 
Triggered and inclusive correlaDons: pp vs. AA  

– Reconstructed jets 
Cross‐secDons and RAAJet 
Shape modificaDons (broadening) 
Jet‐jet, hadron‐jet correlaDons 

hadrons 

q 

q 

hadrons 

leading 
particle 

leading 
particle 

Hard parton 
sca[ering 

hadrons 

q 

q 

hadrons 

leading 
particle 

leading particle 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STAR : PRL 97 (2006) 252001 

Jet produc7on well explained 
by NLO pQCD calcula7ons 

STAR : PLB 637 (2006) 161 

High pT par7cle produc7on well 
 explained by NLO pQCD calcula7ons 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 Unpolarized differenDal cross 
section 24<  MJJ <100 (GeV/c2) 

 NLO theory predicDons using 
CTEQ6M with and without 
correcDons for hadronizaDon 
and underlying event from 
PYTHIA 

 StaDsDcal uncertainDes as 
lines, systemaDcs as rectangles 

SPIN‐2010: Ma] Walker 
 for the collabora&on  

21 12/6/10  M.Š. 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STAR 

  Dijet produc7on well explained 
     by NLO pQCD calcula7ons 



 High pT hadron suppression: 
  Final state effect in Au+Au 
collisions 

  ObservaDon extends to all 
accessible pT range 

PRL 91 (2003) 072303 

 Two‐par7cle correla7on result: 
  “Disappearance” of the away‐
side  high‐pT parDcle in central 
Au+Au collisions   (for hadrons           
pT assoc>2 GeV/c) 

  Effect not present in       
peripheral/d+Au collisions 

PRL 91 (2003) 072304  

4<pT
trig <6 GeV/c , 2<pT assoc<pT trig 22 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Phys.Rev. C82 (2010) 024912  

12/6/10 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Phys.Rev. C82 (2010) 024912  

Higher trigger pT (stronger jet bias) 
disapearance of double‐hump structures 

12/6/10 



Phys. Rev. C 80 (2009) 064912  

 Near‐side correla7on structure: 
 Central Au+Au:  jet‐like + ridge‐like 
 Ridge correlated with jet direcDon  

 Approximately independent of Δη 


   Ridge spectra and parDcle composiDon bulk‐like 
25 12/6/10  M.Š. 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 High pT hadrons bias towards non‐interacDng jets 

  Full jet reconstrucDon reduces the bias 
 HadronizaDon 
 Very complex due to                     

 underlying event 
 Algorithmic biases 
 Data driven correcDon              

 schemes 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Jet “narrowing”  
With increasing  
jet energy 

“Deficit” of jet  
energy for jets  
reconstructed 
 with R=0.2 

R=0.2 

R=0.4 



1) At 200 GeV top energy 
     ‐ Study medium proper4es, EoS 
     ‐ pQCD in hot and dense medium 

2) RHIC beam energy scan 
      ‐ Search for the QCD cri4cal point 
      ‐ Chiral symmetry restoraDon 

STAR CollaboraDon: 
An Experimental Explora&on of the QCD Phase 
Diagram: The Search for the Cri&cal Point and the 
Onset of De‐confinement  

             arXiv:1007.2613v1 [nucl‐ex] 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‐ Laoce Gauge Theory (LGT) 
predic7on on the transi7on 
temperature TC is robust. 

‐ LGT calcula7on, universality, and 
models hinted the existence of 
the cri7cal point on the QCD phase 
diagram* at finite baryon chemical 
poten7al.    

‐ Experimental evidence for either 
the cri7cal point or 1st order  
transi7on is important for our 
knowledge of the QCD phase  
diagram*.   

* Thermaliza&on has been assumed 

  M. Stephanov, K. Rajagopal, and E. Shuryak,           
PRL 81, 4816(98);       

K. Rajagopal,  PR D61, 105017 (00) 

 h]p://www.er.doe.gov/np/nsac/docs/Nuclear‐
Science.Low‐Res.pdf  29 12/6/10  M.Š.   Highlights from STAR 

LHC Experiments 



The maximum baryon density at freeze‐out expected for √sNN≈6‐8 GeV 
30 12/6/10 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The maximum baryon density at freeze‐out expected for √sNN≈6‐8 GeV 
31 12/6/10  M.Š. 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ρmax≈ ¾ρ0  




Au+Au at 7.7 GeV                                        Au+Au at 39 GeV                                                        Au+Au at 200 GeV 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Pressure gradient 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Adapted from B. Mohanty 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quarks

mesons


baryons


plotted vs.

trans. kinetic energy


PHENIX: PRL 98, 162301 (2007) 

both axes scaled by number

of constituent quarks


nq = 2 for mesons

nq = 3 for baryons


STAR: PRL 95, 122301 (2005) 

particle mass

dependence
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  v2 (7.7 GeV) < v2 (11.5 GeV) < v2 (39 GeV)   

  v2 (39 GeV) ≈ v2 (62.4 GeV) ≈ v2 (200 GeV) ≈ v2 (2.76 TeV)  

CompilaDon by S. Shi ALICE:arXiv 1011.3914 (PRL…) 
STAR: PRC 77 (2008) 054901; PRC 75 (2007) 054906 

35 Lokesh Kumar ICPAQGP 2010, 8.12.2010 12/6/10 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€ 

v1 = cos(φ − Ψr ) ,   φ = tan−1 ( py
px
)

STAR: PRL 101, 252301 (2008)  

M.Š.   Highlights from STAR 



37 

€ 

v1 = cos(φ − Ψr ) ,   φ = tan−1 ( py
px
)

STAR: PRL 101, 252301 (2008)  
ICPAQGP 2010: Lokesh Kumar  

for the collabora4on 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Highlights 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•  Y‐N interacDon: a good window to 
   understand the baryon potenDal  

•  Binding energy and lifeDme are  
   very sensiDve to Y‐N interac7ons 

•   Hypertriton:ΔB=130±50 keV; r~10fm 

•   ProducDon rate via coalescence  
   at RHIC depends on overlapping wave  
   funcDons of n+p+Λ in the final state 

•   Important first step for searching for 
   other exo7c hypernuclei (double‐Λ). Until recently anti-hypernucleus 

was never observed experimentally 
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Hypernuclei             Λ‐B Interac7on              Neutron Stars 

S=-1 

S=-2 

 S=-0 

J.M. Laomer and M. Prakash,  
The Physics of Neutron Stars,  
Science 304, 536 (2004) 
J. Schaffner and I. Mishus7n,  
Hyperon‐rich maber in neutron 
stars, Phys. Rev. C 53 (1996)  

Saito, HYP06 

[1] W. Greiner, Int. J. Mod. Phys. E 5 (1995) 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3
ΛH mesonic decay, m=2.991 GeV/c2, B.R. 0.25 

  Data‐set used, Au+Au 200 GeV  
 ~67M year 2007 minimum‐bias 

 ~22M year 2004 minimum‐bias 

 ~23M year 2004 central, 

  |VZ|<30cm 

  Tracks level: standard STAR quality cuts, i.e. , 
not near edges of acceptance, good 
momentum & dE/dx resolu&on. 

Secondary vertex finding 
technique  

DCA of v0 to PV < 1.2 cm 
DCA of p to PV > 0.8 cm 
DCA of p to 3He < 1.0 cm 
Decay length > 2.4 cm 

J.H. Chen (STAR), Nucl.Phys. A830 (2009) 761c 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Signal counts: 70±17 
Mass: 2991±1±2 MeV 

Width: 2.5 MeV 

τΛ = 267±5 ps 
 PDG  = 263±2 ps


€ 

τ(Λ
3H) =182−45

+89 ± 27
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 STAR experiment at RHIC provides wealth of new 
and exciDng results on QCD condense ma]er, 
hadronic and parDcle physics. 

 STAR spin program has reached its maturity. 

 STAR measurements provide a strong evidence 
for non‐trivial jet‐medium interacDon. 

 First STAR results from Beam Energy Scan 
program  are exciDng. Search for the criDcal point 
is ongoing. 

 Discovery of anD‐hypernucleus puts STAR into the 
forefront of hypernuclear physics. 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